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Temporal and habitat distribution of macrophytes  
in lowland eutrophic reservoir Gruža in Serbia
Abstract
Background and Purpose: The research in this paper are based on the 
study of the distribution in time and space of macrophytes along the different 
parts of shoreline of Gruža Reservoir and emphasize the importance of es-
tablishing relations between distribution, diversity and mass of macrophytes 
and the ecological conditions of the environment. Development diversity of 
macrophytes needs to be constantly monitored and their regulation is neces-
sary for Reservoir conservation, especially because the Reservoir is used as a 
water supply for a nearby city.
Materials and Methods: During the period 2004-2005 aquatic mac-
rophytes were investigated (by the method of transects) bimonthly from May 
to October and results was compared with the results obtained during the 
research in 1986. Relative abundance was evaluated using a five degree scale. 
These data form the basis for the mathematical model with the following 
data: Relative Plant Mass for each species, cumulative Relative Plant Mass 
for growth forms and Mean Mass Indexes.
Results: Quantitative analysis of macrophytes indicates that the morpho-
metrical characteristics of shoreline, water depth, vegetation characteristics 
and nutrient pollutants play an important role in the appearance, diversity 
and abundance of macrophytes.
Conclusions: The distribution of most aquatic macrophytes in Gruža 
Reservoir is heterogenous with mean mass indexes MMT (for all macrophytes 
in total stretches) and MMO (for stretches with their occurrence) values of 
different size and with low value of distribution ratio. Our results have 
confirmed previously set hypothesis that poor physical conditions, rather than 
water quality, might be responsible for restricting diversity of macrophytes.
INTRODUCTION
Macrophytes have significant role in productive and trophic rela-tions, nutrient cycling, sedimentation processes, biofiltration as 
well as in maintaining stability of the dynamic equilibrium, wherefore 
they present one of the most important elements of aquatic ecosystems 
(1). Aquatic macrophytes are also indicators of water quality.
The presence of macrophytes is influenced by many factors: water 
quality, water depth, substrate characteristics, indentation and slope of 
the shoreline, pollution by nutrients etc. Even more than these charac-
teristics, morphometrical characteristics of the Reservoir proved to be 
more reliable predictors for both species diversity and community struc-
ture than chemical ones (2,3,4).
The overall aim of our study has been to detect habitat and temporal 
patterns in macrophytic vegetation, covering the relations between eco-
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1 very rare, 2- infrequent, 3- common, 4- frequent, 
5-abundant, predominant.
Data sets are used for description of quantitative rela-
tions of aquatic macrophyte vegetation. These data form the 
basis for the mathematical model with the following data: 
Relative Plant Mass for each species, cumulative Relative 
Plant Mass for growth forms and Mean Mass Indexes (8). 
Mean Mass Indexes are metric values for the average abun-
dance of each species. MMT is a Mean Mass Index of one 
species in all surveyed units, while MMO is a Mean Mass 
Index of one species only in surveyed units where the species 
occurs. If the values of MMT exceed MMO values, the 
species have more heterogeneous distribution pattern. If 
MMO and MMT values are high, species occurs in large 
populations and vice verse (8). If values of MMT and 
MMO are leveled and low, species are present in all sur-
veyed sections (homogeneous distribution pattern) with low 
plant masses, but if these values are leveled and high, species 
are present in large massive populations.
The distribution coefficient d is MMT/MMO ratio, 
which describes distribution continuity. If d=1, the species 
is present in all survey units, if d < 0.5, the species is pres-
ent in a small number of survey units (a heterogeneous 
distribution pattern).
The degree of similarity between populations of mac-
rophytes listed in our investigations (2004-2005) and in 
the 1986 (5) has been calculated by Sørenson similarity 
index S (9).
RESULTS
The main indicators of eutrophic water status of Gruža 
Reservoir are physical, chemical (Tab 1) and biological 
logical conditions (such as morphometrical characteristics 
of the shoreline, water chemistry, water depth and nutrient 
pollutants) and aquatic vegetation in terms of species com-
position, distribution, diversity and mass and to compare 
our results with the results from 1986 (5).
We attempted to answer the following questions: What 
are the main determinants of the occurrence and the 
horizontal extension of macrophytes in four different shore 
habitats? What are the main patterns of temporal vegeta-
tion change in a shore habitat?
We have also focused on the following hypotheses:
–  Water quality support development of macrophytic 
vegetation, but the different habitat characteristics 
along the shoreline cause different distribution of 
macrophytes,
–  Favourable morphometrical conditions make quick 
colonization possible in still water.
MATERIAL AND METHODS
Gruža Reservoir, which is located in the central part of 
Serbia, at an elevation of 238m above sea level, is 10 km 
long and 0.2-1.5 km wide, with surface area of 934 ha. Two 
thirds of the Reservoir are shallow (3-9 m), with maximum 
depth of 31 m and oscillations of water level of 3-5 m.
The water samples for the analysis of physical and 
chemical characteristics were taken together with those 
for quantitative analysis of macrophytes, bimonthly from 
May to October. during the period 2004-2005. At the 
approximate location where macrophyte cover was deter-
mined, water samples were collected directly above the 
vegetation beds by placing sample bottles approximately 
50 cm below the water’s surface for each four part of Res-
ervoir (A, B, C and D in Fig 1). In every of these four parts 
of the 10 samples were taken from different points, at each 
point of sampling taken two samples were taken per site 
and merged together for analyses. Analyses of physical 
and chemical parameters were performed by standard 
methods and these values (which represents arithmetic 
mean value of all measurements) are given in Table 1.
During the period 2004-2005 aquatic macrophytes 
were investigated bimonthly from May to October. Aquat-
ic macrophytes were surveyed in four parts of variable 
length (A, B, C and D in Fig 1) depending on morpho-
metrical characteristics of the Reservoir, vegetation char-
acteristics, water depth and human impact. In every ho-
mogeneous shoreline part colonized by macrophytes, we 
conducted investigations by the method of transects. 
Plants growing along the shore as well as in water, up to 
a depth of 5 m, were collected (with grapple) and deter-
minated according to Javorka and Csapody (6).
Relative abundance was evaluated using a five degree 
scale, according to the Kohler & Schneider (7), as follows: 
Table 1. Average values of some physical and chemical parameters of 
the Gruža Reservoir during the investigation period from May to 
October 2004 and 2005, both
Water characteristics
Temperature (°C) 14.2
Disolved oxygen (mg l–1) 4.98
Conductivity (μS cm–1 ) 362
pH 7.80
KMnO4 consump. (mg l
–1) 23.50
Total P  (μg l–1) 0.06
Nitrites  (μg l–1) 0.01
NH4
+  (μg l–1) 0.22
Ca 2+ (mg l–1) 51.5
Mg2+ (mg l–1) 27.1
Saturation % 44.3
Secchi depth (m) 1.1
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Table 2. Relative Plant Mass RPM of the macrophytes in the parts of the Gruža Reservoir and for its whole in first investigation period (1986) 
(5) and in second investigation period (2004–2005) Abbreviation for years: for 2004–2005 – 05,  for 1986 – 86 – 86
Plant species Abbreviation year RPM in %
           Parts of Reservoir
A B C D TOTAL
Submerged
Ceratophyllum demersum L. Cer dem 05 33.33 12 5.17 1.92 6.38
Ceratophyllum  submersum L. Cer sub 05 16.67 8 1.72 1.92 3.54
Myriophyllum spicatum L Myr spi 05 16.67 8 6.92 5.76 7.09
Myriophyllum verticillatum L. Myr ver 05 16.67 4 3.45 3.85 4,25
Najas marina L. Naj mar 05 16.67 4 - - 1.42
Potamogeton crispus L. Pot cri 05 - 4 5.18 3.85 4.26
Pot cri 86 - - 10 15.4 11.77
Potamogeton  pusillus L Pot pus 05 - - 3.45 1.92 2.13
Pot pus 86 - - 5 - 2.94
Veronica anagallis-aquatica L. Ver ana 05 - 4 3.45 1.92 2.84
Veronica beccabunga L. Ver bec 05 - - 1.72 1.92 1.42
Ver bec 86 - - 5 7.69 5.88
                                                                                                           
                                                                                                               
05 Cumulative RPM for 33.33  
86 submerged species 20.59
Floating
Lemna gibba L Lem gib 05 - - 3.45 1.91 2.13
Lem gib 86 - - 10 7.69 8.82
Lemna minor L. Lem min 05 - -- 3.45 1.91 2.13
Lem min 86 - - 10 7.69 8.82
Polygonum amphibium L Pol amp 05 - 12 6.90 7.69 7.80
Potamogeton fluitans  L Pot flu 05 - - 3.45 3.85 2.84
Pot flu 86 - - 10 15.4 11.7
05 Cumulative RPM for 14.9
86 floating species 29.41                      
Emerged
Alisma plantago- aquatica L Ali pla 05 - 4 3.45 3.85 3.54
Ali pla 86 - - 5 7.65 5.88
Butomus umbellatus L. But umb 05 - - 3.45 3.85 3.54
Glyceria fluitans (L.) R.Br. Gly flu 05 - - 1.72 3.85 2.13
Eleocharis palustris (L.) R.Br. Ele pal 05 - 8 5.17 7.69 6.38
Ele pal 86 - - 10 23.1 14.71
Iris pseudacorus L. Iri pse 05 - 4 5.17 3.85 4.26
Lycopus exaltatus L. Lyc exa 05 - 4 5.17 5.76 4.96
Lycopus europaeus L. Lyc eur 05 - 4 5.17 5.76 4.96
Lyc eur 86 - 100 5 - 5.88
Lythrum salicaria L. Lyt sal 05 - 4 1.72 1.92 2.13
Lyt sal 86 - - 5 - 2.94
Mentha aquatica L. Men aqu 05 - 8 6.9 7.69 7.09
Mentha spicata ssp. tomentosa Urv. Men spi 05 - 4 1.72 3.85 2.84
Oenanthe aquatica (L.) Poir Oen aqu 05 - 4 1.72 1.92 2.13
Phragmites australis Trin Phr aus 05 - - 3.45 1.92 2.13
Scirpus silvaticus L. Sci sil 05 - - 1.72 1.92 1.42
Sci sil 86 - - 5 - 2.94
Schoenoplectus palustris L. Sch pal 86 - - 10 15.4 11.77
Typha angustifolia L. Typ ang 05 - - 3.45 3.85 2.84
Typ ang 86 - - 5 - 2.94
Typha latifolia L. Typ lat 05 - - 1.72 1.92 1.42
Typ lat 86 - - 5 - 2.94
05 Cumulative RPM for 33.33
86 emerged species 20.59
Sørenson index for parts                                                                          0.111               0.634               0.457        
Sørenson index for whole reservoir                                                                               0.619
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parameters: chlorophil a, zooplankton and microbiologi-
cal (10) water characteristics.
The presence and composition of macrophytic vegeta-
tion is determined by eutrophyc status of the Reservoir, 
wherefore the eutrophic species are dominant – Potamo-
geton crispus, Phragmites australis, Ceratophyllum demer-
sum, C. submersum. These species indicate highly eutro-
phic waters (7).
Comparison of our research data of aquatic macro-
phytes with the data of investigations from 1986 (5) were 
established into four parts of the Reservoir and presented 
in Table 2. The data reveals that in the dam part A (Fig 
1, Tab 2) submerged species are represented by few species 
with low RPM. Floating and emerged species are not pres-
ent. The results of investigations from 1986 did not record 
macrophytes in this part of the Reservoir (5).
There are more recorded species in Part B (Fig 1, Tab 
2), but the coverage is still small. In 1986 only very poor 
macrophytic vegetation was present (5). Low value of Sø-
renson similarity index indicates that there is a difference 
in the state of macrophytes between 2004-2005 and 1986. 
Parts C and D (Fig 1, Tab 2) are the richest in species and 
coverage both in the first (1986) and in the second (2004-
05) investigations period. The values of Sørenson similar-
ity index indicates that there is small difference in the state 
of macrophytes between 2004-2005 and 1986.
Zonation by depth is expressed in these parts. The zone 
of emerged plants is the richest in species and percentage 
of RPM, both in these two parts as well as in the Reservoir 
in its whole (Tab 2), followed by zones of submerged and 
floating vegetation.
The analysis of Fig 2 points out that MMT (gray bars) 
and MMO (black bars) values obtained in our researches 
during the period 2004-2005 are low for most plant spe-
cies indicating that the species occur in small populations. 
These values are low and leveled for species which are 
present in all surveyed parts (homogenous distribution 
pattern) with low plant masses – Ceratophylum demersum, 
C. submersum, Myriophyllum spicatum and M. verticilla-
tum. Distribution ratio d (Fig 4) for these species has a 
value 1. For all the other species values of MMT exceed 
MMO values (Fig 2). These species have heterogeneous 
distribution pattern, as shown in Fig 3 –values d (gray 
bars) are < 1. Even more pronounced heterogeneous dis-
tribution is present within species Najas marina, Typha 
latifolia, T. angustifolia, Scirpus sylvaticus, Veronica bec-
cabunga, Glyceria fluitans Lemna gibba, Potamogeton pussi-
lus and P. fluitans (d=0,5 in Fig 4, white bars) since they 
occur in two out of four surveyed parts.
According to our researches the distribution of most 
aquatic macrophytes in Gruža Reservoir as a whole, is 
heterogenous with MMT and MMO values of different 
size (Fig 2) and with low value of distribution ratio (Fig 
4, gray bars).
In Fig.3 and Fig 4, made upon the data from 1986 (5), 
it is evident that values of MMT and MMO are not equal 
for the recorded species and that heterogeneity was more 
expressed – not a single species recorded at the time had 
the value d exceeding 0.5 (black bars in Fig 4).
DISSCUSION
Our researches of macrophytes in Gruža Reservoir have 
been performed systematically as well as compared to the 
results of previous researches. According to the obtained 
results the habitat and temporal patterns in macrophytic 
vegetation have been determined, covering the relations be-
tween morphometrical characteristics of the shoreline, water 
depth and nutrient pollutants, as well as aquatic vegetation 
(species composition, distribution, diversity and mass).
Our results have confirmed previously set hypothesis 
that physical conditions (such as a steep rocky banks where 
Figure 1. Map of Gruza Resevoir
Parts of the Reservoir: A-  (next to both sides of the dam)  banks are steep, 
unindented, naked, great depths just off shore, max depth is 31m;  B- shore-
line is little more indented and less steep, and the water is less deep, max depth 
is  21m;   C- shoreline is shallow, muddy, indented, surrounded by arable 
fields, with max depth of 9 m; D- shoreline is shallow, muddy, surrounded 
by arable fields, with a very gently-sloping littoral,  max depth is 3 m. 
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Figure 2. Mean Mass Indexes - MMT, 
MMO calculated for all macrophytes in 
stretches with their occurrence (MMT, 
gray bars) and total stretches (MMO, 
black bars) in Gruza Reservoir for the 
investigation period 2004-2005
Figure 3. Mean Mass Indiexes - MMT, MMO calculated for all 
macrophytes in stretches with their occurrence (MMT, gray bars) 
and total stretches (MMO, black bars) in Gruza Reservoir  based 
on the results from 1986.
High degree of similarity between the two time of 
analysis has been confirmed with high value of the Søren-
son similarity index for Gruža reservoir in its whole (Table 
2). Comparison with the results from investigated period 
2000-2003 (14) shows that there are no differences in spe-
cies diversity. This shows that the first changes in flora 
occurred very quickly, while in recent years the changes 
in vegetation structure seem to be much slower.
For Gruža Reservoir as a whole, the presence of mac-
rophytes is not excessive, since frequent fluctuations of 
water level limit their development (15, 16), especially the 
development of emerged plants, which are the richest in 
great depths are just off shore), rather than water quality, 
might be responsible for restricting diversity of macro-
phytes. In Gruža Reservoir water quality (eutrophic condi-
tions) support development of macrophytic vegetation 
(1,11), but the different habitat characteristics along the 
shoreline cause different distribution of macrophytes. 
Main determinants of the occurrence and the horizontal 
extension of macrophytes in four different shore habitats 
are shown to be morphometrical characteristics of shore-
line (indentation of the shoreline, its slope, muddy banks), 
water depth and pollution by nutrients (1, 3, 12). A pro-
nounced poverty in species with small coverage has been 
recorded in the part of the lake around the dam, which 
has the form of a gorge with steep rocky banks that are 
virtually naked and where great depths are just off shore. 
Due to these physical conditions biodiversity is restricted. 
In parts of the lake with the shallowest water and greatest 
indentation of the shoreline, where nutrients are con-
stantly leached into it, the greatest diversity and RPM of 
species has been recorded.
The main pattern of temporal vegetation change in the 
shore habitat are favourable morphometrical conditions, 
which make possible quick colonization – in the first year 
after the Gruža Reservoir formation, the shallow and 
muddy littoral was overgrown with macrophytes, most 
extensively in the inlets (5), confirming that the degree of 
indentation of the shoreline is a very significant factor in 
the formation of macrophytic vegetation (3). The data for 
Kis-Balaton reservoir (13) and for Yacireta reservoir (4), 
regarding to quickness of the development of macro-
phytes, correspond to our data.
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diversity and whose death is followed by accumulation of 
lignin and cellulose. These difficultly soluble substances 
lead to creation of anaerobic conditions in the sludge, 
contributing to the process of eutrophication.
In this stage, macrophytes represent a desirable com-
ponent, both as competitors with algae for nutrients and 
regulators of phytoplankton development, as well as bio-
logical filters (through the accumulation of nutrients and 
pollutants and later harvest (3, 17), since great influx of 
allochtonous nutrients enters the Reservoir from arable 
fields, which extends along two thirds of the circumfer-
ence of the reservoir.
Distribution in time and space, as well as development 
diversity, composition and abundance of macrophytes in 
Gruža Reservoir needs to be constantly monitored and 
their regulation is necessary for Reservoir conservation, 
especially because the Reservoir is used as a water supply 
for a nearby city.
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